The biochemical and molecular spectrum of ornithine transcarbamylase deficiency.
Ornithine transcarbamylase (OTCase) deficiency, the most common inherited urea cycle disorder, is transmitted as an X-linked trait. The clinical phenotype in affected males as well as heterozygous females shows a spectrum of severity ranging from neonatal hyperammonaemic coma to asymptomatic adults. The ornithine transcarbamylase enzyme is a trimer with three active sites per holoenzyme molecule, each of which is composed of an interdomain region of one polypeptide and a polar domain of the adjacent polypeptide. The OTC gene is located on the short arm of the X-chromosome and one of the two alleles undergoes inactivation in female cells. Approximately 140 mutations have been found in families affected with OTCase deficiency, most having their own 'private' mutation. Large deletions of one exon or more are seen in approximately 7% of patients, small deletions or insertions are seen in about 9%, and the remaining mutations are single base substitutions. Approximately 15% of mutations affect RNA splicing sites. The recurrent mutations are distributed equally among CpG dinucleotide hot spots. Generally, mutations causing neonatal disease affect amino acid residues that are 'buried' in the interior of the enzyme, especially around the active site, while those associated with late onset and milder phenotypes tend to be located on the surface of the protein. Very few mutations have been found in the sequence of the leader peptide, proportionally much fewer than in the sequence of the mature enzyme. Only few of the mutations have been expressed in bacteria or mammalian cells for the study of their deleterious mechanisms. Examples of expressed mutations include R277W and R277Q associated with late-onset disease, which markedly increase the Km for ornithine, shift the pH optimum to more alkaline and decrease the thermal stability of the purified mutant enzyme. R141Q (neonatal disease) disrupts the active site, whereas the purified R40H mutant has normal catalytic function and this mutation is likely to affect posttranslational processing such as mitochondrial targeting. It appears that most new mutations occur in male sperm and are then passed on to a transmitting heterozygous female. Uncommonly, mild mutations are transmitted by asymptomatic males to their daughters, subsequently resulting in clinical disease of males in future generations. The causes for variable expressivity of these mutations are currently unknown but are likely to involve a combination of environmental and genetic modifiers.